Heat Stretching
. Experimental set-up for heat stretching. Hole A is the fiber hole with a slit. The slit is designed for inserting and removing the fiber. Hole B is a substitute for the hole A. Hole C and D are occupied with a cartridge heater and a thermocouple sensor respectively. The inset gives the relationship between the temperature of the heated fiber and that of the thermocouple sensor.
To stretch fiber samples at a controllable speed and temperature, a heat stretching system is designed based on the fiber tapering method introduced by Rudy and colleagues. 1 As presented in Figure S1 , the speed control part is composed of two motorized translation stages (Thorlabs MTS50-Z8/Z812B), which move in opposite direction at the same speed during heat stretching.
The motion of the stages is delivered to the fiber via fishing lines (UHMW-PE multiple filaments), with flattened brass tubes and screws as connection. The length of the suspended sample is ~ 35 mm, while the width of the Al block as heater is ~ 3 mm. The elongation of fishing line has been verified to be negligible compared with the elongation of stretched samples.
We marked both ends of the sample with ink dots. The motion of the ink dots was found to be identical to that of the translation stages. 
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To monitor and control temperature, an aluminum (Al) block is machined to accommodate a sample fiber, a thermocouple and a cartridge heater as seen in Figure S1 . The cartridge heater (in hole C) and thermal couple (in hole D) enable spontaneously monitoring and adjusting temperature. The temperature of the Al block is maintained stable ( 1 ºC during a single stretching run. When the Al block is heated to a desired temperature, the fiber is fed into the fiber hole through the narrow slit. Then the two translation stages move with a constant speed in opposite direction, until the sample reaches its expected maximum elongation (slightly smaller than the elongation at break for numerous samples). Once the stretching process is completed, the fiber is removed from the Al block and cooled down in ambient air (20 ºC). It should be mentioned that the temperature given by the thermocouple sensor (T sensor ) is correlated to but still differs a little from the temperature of the center of the heated region in sample (T fiber ).
Therefore, a preliminary test was performed to evaluate the difference. A very thin sensor (25-μm-thick type T thermocouple, Omega 5TC-TT-T-36-36) was attached to the center of the heated region with a touch of silver paste. The temperature difference is shown in the inset of Figure S1 . The additional sensor is not applied to the to-be-stretched samples. All the stretching temperatures mentioned in this work are T fiber . 
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the normalized temperature can be expressed as: Hence α eff is simply denoted as α. For a more complete description of physical principle and experimental design about the TET technique, readers are referred to our previous publications. [2] [3] [4] [5] k is calculated by k = αρc p , where ρc p is volumetric heat capacity. ρc p of original UHMW-PE fiber has been studied in Liu's work by using TET and molecular dynamic simulation together.
(Note that TET characterization of ρc p has larger error than that of α. Numerical simulation is utilized to help error correction.).
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Here we can assume that ρc p of stretched samples is identical to that of un-stretched ones for two reasons: 1) for amorphous PE and crystal PE the difference in ρc p is not significant (within 20% in the temperature range of 30 ~ 300 K) , and 2) the stretching-induced crystallinity reduction (from 92% to 83%) is not overwhelmingly large. 7 The strain ratio is determined by the effective cross-sectional area in thermal conduction rather than the measured thickness in SEM images, due to S-900's irregular shape of cross section. The approach is shown as follows. The steady-state solution in TET includes both k and cross-section area A c , while k has been solved using is k= αρc p . α has been solved in the transient expression.
ρc p is referred to literature. Therefore, A c can be calculated using steady-state solution: 
For optical phonons, the thermal energy is given by the Einstein model：U N n      , among which N is the number of primitive cells. Thus we have
The total volumetric heat capacity is the combination of two kinds of phonons. The accuracy of this heat capacity calculation is evaluated by comparing with experimental results. 
With Eq. (7), we are able to determine l 0 by knowing Θ 0 , g(ω), and v ω . The dependence of g(ω) and v ω on ω has been given and discussed in our previous work. 
